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Settling of Oil Particles Adsorbed on Suspended Matter*

Masahiro KajtHARA** and Mitsuaki MaTsuoxaA**

Abstract

Experiments were carried out using filtered seawater with an addition o
Siberian crude oil and montmorillonite in it. Seawater bottles after shaking
were allowed to stand, then seawater was separated into upper and lower samples.
The latter one which contained settled and/or suspended flocks of oil and mont-
morillonite was filtered by a HAWP filter (pore size: 0.45 x). Oil in both sampled
waters were extracted into n-Hexane and the absorbance was measured by a
spectrophotometer at 255 nm. ¥Under the same concentrations of crude oil and
montmorillonite but different shaking times, the filtered residue and the amount of
oil on the filter reached a constant of a certain value of the shaking time. This
may be caused by a limit of the size of oil particles formed in seawater, when the
shaker was used. The result, therefore, also suggests that the size distribution of
oil in seawater plays an important role for the settling of oil. When the experi-
ments were performed under different concentrations of oil and montmorillonite,
the settled oil on the filter was abruptly increased in the small range of the ratio
(montmorillonite / crude oil). And over this ratio, the increasing tendency of
settled oil became weak, and it appeared to reach a constant although the results
of the experiment were scattered.

Theoretically, the flocculent particles being composed of solid grains, oil and
water will settle under the following conditions,

a Pc—pb

b > Pa—Pc
where a and b are the volume proportions of the solid grain and oil in the flocculent
particles, and pa, pp and p. are the densities of the solid grain, oil and water
respectively. The proportion of water in the flocculent particles is not a condi-
tion for settling, and only takes part in the speed of settling when the flocculent
particle is settling. In addition to the condition mentioned above, (a/b)= and
(a/b)<< mean the conditions of suspension and floatation respectively.

If we give the values as p,=2.5, p,=0.85 and p.=1.02, the ratio of the
volume proportion (a/b) becomes 0.11. This corresponds to the ratio of the
weight proportion approximately 0.34. The experimental result showed that even
at the small value of (a/b)=0.1 (weight proportion), the amount of the settled oil

* JbdEE A KBS ALK E DI S SR 101 5
(Contribution No. 101 from the Research Institute of North Pacific Fisheries, Faculty of
Fisheries, Hokkatdo University)
*HRTE A B AL Bk BE BT Y
(Besearch Institute of North Pacific Fisheries, Faculty of Fisheries, Hokkaido University)
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on the filter became 63 9%, as shown in Figure 5. One of the reasons which
brought a difference between the values of the theory and the experiment was
originated from the value of (a/b) in figure that took the weight proportion which
was added into seawater. Thus, it was not the value in the flocculent particles.
However, the main reason is due to the ill-balanced compositions of oil and
montmorillonite in the flocculent particles formed in the bottle. That is, during
the processes of adsorption, different forms of settling, suspending and float-
ing particles are formed at the same time.

In nature, if fine oil particles especially in a state of the low particle number
concentration or in an isolated state exist in the sea, the oil particles may be
repeatedly forced the motion of sinking and floatation due to the wind wave and
wave crest action, such as an air bubble in the surface layer. Therefore, it may
be possible that the oil particles will adsrob many suspended particles in the sea
and then will form the flocculent particles to be settled.

# -

BEREFICBNTY, 22 1~DEHERPAAI V22 I DERERCE 3 FEOKESREL, WEIT
ZROMEPHRH IV T3, TS DEEM, Yook, AMBEIBOIEK, 25l
ARPRETNTHERCHH T2 WA b2 b ORRETZ D EEALNS. Lh b ORI R
PO, BRAREORE, WERROHESL, B FENCRIFHACE . TEER L1
5L T3, RERRL TRKEOWMMBERICHEN T2 &, WMHEOEBRIVERL, EHBARSIZME
KPS 50, BESMNIYHE L% EPER2ED 1200w 3 BER (weathering)? %%
UoOBBL, LU THE2ERT . COB, HIOWEORS - it > TlEAD= v v
a v BT EY. HHLIZ27 b & ORMM IEEL 2 b, KET —BIHEL rofkic KR £ Hi
P2 S THFRZELIZERSHEY 5, —BCRITROEREBE OB FHHMNE B 22
WTHE»H TR, §HF50 2 b ZRORAINITHD, b AVREKFTOBRBATIIEEL
TRHT EOLEEMEZILE, WETIIDEHETHE 9. 20 h~ [7o~5F] EBEEROE
b, Sp~1lmm, FiCit 2mm KETAKEIOWBEMHENKHEEL T EPREI N T
WA, LDk DWEOLKER &b DURERNLBRCHETIHERRIS C L. HY
Poirier & Thiel? i 11 EDEBW 2V, WEB IS OEBMPYOBE IS - THRR, HEHR,
30 AREOTHAZRERE T T3 2 & 2B, 36 BRI THRIVEBREINS
WMEWDPIELEELEZHREL TS, DL BEBKRZIGHL, [t —F+=2F 5] O
MEHITERL T3, WECRETAHORECKRF 2 ~272 1%-XF7 Y BF NI VLADERE
MREHELTNED FAEL R EKEMKDOHOREDIZYD, ErEVor4 NGBSV KR
WP s & OURERICBRZHEL, ZOBREFREHEL T 39, ABRTIE, MEOWK
FIZIT BLBEOYHR T 2 b = ZARERZB Y, WHKFORBUTRESCHORE 2B g1
BEOLBROES ZHRL, HETOBREMATRET 2,

® #

MBS AT CRET A RFRBR - R E BB TH Y, BT 1Y 2 2NB0,
UL, COERTCRAENESTHH, roWkbhic—BiFEETse =Y nr4 b (HERR
FHETEEH) 2REhrT & UTHRALI,

oK WKEORBARPERAL, ERCELTRZOFEI YRF 7 404~ (HAWP) & »
THEUMEBL . ZHESBEORBRIBFITLDLEL SO THKC L > TR 2Y, ZOEH
M SEBR P EBL 29.58~33.51 % (T 32.07 %) Tdh o170
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B oW oY 7ERBERN.

BARICETIE-EVOFM FOEE

ErEYnF4 MIKOL 5 L ERRERP CRETIHELSD 210, o THERTIBRI VI
BEIZ, KPR TEETS & & b ICERERRVMD » TRBRRE & X R/ o 1REMRR &
Y, WBEBEEZ 3, 2L THROERICEY L, WRTTOE Y nr4 FOERERRES
BT 3120, KOTHERZITS -1

WiBYEK 500ml 2HLIZ 2l OEORTARCE V4 b 2FL 0mg BEL THA, RE
SHBITE S TI0SMLETRIBES 31, fkeiesreVnrd b2 lBEYI R 3, CORKE
—ERHEHEL, BLBOLBAKEIETEYHH 100m! ORKEYA 7 12X hBKTE, L
OB TRAKDEACEL TREERY 2 BRI T LOBNI 5HELI, ZLTIhE0DR
KEBELIZa~-LV2—~hvr s~ (TA-D) & TRESHFOERLL 1o Bk, HHLIZ7 <
—F 2T F .~ T OIE 100g, P& THEINDBIFMIE 2.00~32p TH 5, Fig.1 12 1ml O
kBB EInIze s ) mr A4 METROBBELEREIICRLIZ D TH 5, BL, RED

T
1

T T T TT1TTm
o1l

T 7 T TrTTm
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LAdiil
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of particles
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T T T TTTTIT
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T TTTTTII7
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Fig. 1. Time series relations of montmorillonite grain numbers. Adjacent values show
the particle diameter.
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KA BRI TR DO D TER L 72, 31z Table 1 12 bR TFORBOEE 2R 12 6 ©
Th 5o EEBHOD =0 BEABBEOETZIIE LSS0, WEISLOPES CREH2E
ULTWADTHEELSEERTD =0 ODETIEZV. 2ETITCRARBLIZLDTH 5. KWERicA TR
FEORMES BB EAER 22D, I HER 10 BRI T TR Bt & 5 THiIT
HMT26D8AR2. LHLIRERBTFEE L TEHEL TA S &, BRI L 2 HEEE R A
INEEME & b T 5,

Table 1.  Variations in total number of montmorillonite
grains (per ml.)

Hours Upper sample Lower sample
0 (430355) (430355)
5 187920 229080

10 164992 181064
15 147388 156946
25 112272 124584
35 94954 108694
45 91272 111074

3T, BTz sicEr e Y n A VTR ERRKT CEETAHEVD 5. CODLSIH
FONRET 2IEE, PITEERRRR L ORI ROBEBE IO D EEA LN TV B,

Lol k- N
Ng ny

ST oy, neid iy, t2 (BT BEFERTH O, kb IZBEARERIY b ORI FRIOEMEICH s DB ER
Td %, Nomitsu'? ZEBBERMCBEL TH, EERRVROMESS EREIL 2E) HodsH
K5 D LEZLTRBORFENTV S, UL Nomisu i3 OEEMVBEERTOELKE S,
IER AN 3 BRBEOEA AL KL sTRELE B EEATY B,

x18°
14t

o 5 10 15 20 25 30 35 40 45
time (hours)
Fig. 2. Relationships between 1/n and ¢ showing the aggregation of montmorillonite
grains in seawater. Each mark referred to as follows,
—(QO— : total numbers in upper samples
—@— : total numbers in lower samples
+«O-- : numbers between the diameter of 2.00-3.17 u in upper samples
—.—(O—-~: numbers between the diameter of 4.00-16.0 g in upper samples.
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BIE - B BERE L OREESC X 5 RO

3T Fig. 2 3R FEBRE 0% (1/7), MBS & S TERLIZ 8D TH 3, AR
KR LR A BAERIETRATOREFELHSFBUI DTS 50 12 ANERIE L2
D 2.00~3.17p ORBEDRTFICOVT, $EHHE 4.00~16.0p OREOR T LFHELIZ DT
H3. Fig.1 5 FHINZ L5, HAMITONTOD U/n & ¢ EDORIRIE (1) RO X 5 2 EHRE
R A LSNIVH, COEMIT Fig. 2 KL S TRUIIE S, ZoOBERTEBLTL LB
T 2. UL RKBFERD 5 Kb 5 25 BRI E S LN 6 ZDOBED 1/n & ¢ & OROMBERI
REOHEBRSA OGN B, 2L THRMTFEREL T LBAMK, BTBKTE i 1=0, 45 R &
EYERBRE 25, COXITHIMAORBEAL Tk (1) RRBRINZDS, BTFEKELTa
B LRI ZRTFROBAR (1) REBRT2L 51853, b LEEIN AR TFORBESETRD
SOMBERFICE TRAZ0E, —BEREAGABRC s O LPEINETHE I, COER
OB 1=0, 45 DHEMZRS, BASRECE o TZOBEERD TAHZ EROL it 5,

@Ak 1/n=4.31x10"%4+1.78x 10" (2)
WTEREA 1/n=3.82x10"6+1,60x10"7 (3)

LA INLDADE t=0 ORI TREFEL TH 3 &, 2.32x10° KO 2.62x10° &2 b, #Hi
FLOD Table 1 if4FEL 7z ¢=0 OPERED 0.5~0.6 ff & 2 5. PEEHPECEEOWEFTIRIBIC D
RORTRTHHL L2 BRMT B 618, FEES VHEEOFBECETH - TFET2. LOF
BOEL ZFERICDOTIRIE - 2 ) L2, MFOB/NUBREY 20 26 Thh, 8T
EREICERT A L LS LDOBEENH Z2DTIXELS 5 b

FREE-EY QM FORE
RIEHE

1l OEAMI 800ml OWEXRERIL, BRULIZE EVu 34 b BEFIRXF v b v—1L
(p=25mm) ¥ty PTEHUTHRLZE#MEZL v —LOT IR, RE ST - T—E8
WREST5. COBERE 5T, FHMIRARTEITAIZWE S SMMsHmEL 25, Treda
FA MRTIEEL THRERE D 5. RBRIIRE SR BHHRBL 2 LBO LBAEA 2 EE
TAHKAMY, KChBY 2SR TROBRREKEH oMU DER  BRELIZ: V7 7 4 V4~
Tl U 720 LEAEKROEERARBROFEC L b HSORECHE LIz SHERT 42—
B BRET 21D 5%- ¥R TS L, 7o r — 2 —CHERICT 23 TEEBL TEENE»
T8 SHEERBI L 2EEWNEOBRZIRFEKCBUIL 7 4 V2~ 2RI F o — 2 ICA
N, REBBETS Lt 5 THERTE -0

MAOREIR n-~F 4 >, RABMTEC L DT 5770

F69, BB S0ppm D n-~ % ¥ L KTHE R AV, MEHEERHC X S THERED BRSNS 2R,
BREERE & U TRBEEO/A I 255mm 2BA TS, KIC 255mm OEHED S T, n~FH LT
WHL I RIMOMEE 1, 5, 10, 25, 50, 75, 100 ppm OWKOEKE 2REL Fig. 3 R THRER»
Ble BNBER —Log T, FHMER C 72 L ROBREL 2,

—Log T = 0. 0119 C+0. 00164 (4)

—%, BRRO & 5L THIIMS 2B AR FAIES L, 100ml 20K v FRBT. 18
FRELTAFNA VL OKBREREMA, KEFELENT 5 THREMA T pH4 DT
B3, 0¥ 9 > 40ml 2MATHISMEHML CBEL, WRHBMLIZ n-~2 9 L KEHK & %
KESEET 5o BWAKITIZER 30ml @ o-~NF9 > 2IA THE & AEEOBRIERIT2V, B -~ F
YU KBREET 50 & OBMER MY IET. EIRL 2 2B 72 -~ F 9 o KRR Rk
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02r
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0 10 20 30 40 50 60 70 80 90 100
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Fig. 3. Relations between concentrations of crude oil in seawater and its absorbancy at
2556 nm.

B 100ml CHREL, FReAVPHOCTRBERNEMEL, MOEE2EHU 2.

AEHER

Fig. 4 2K 800m/ ke €Y m ¥4 FROFMELEL 80ml 2MA, RESBEE2EALES
OULBDOESGERUIZLDTH 5. B EBAEAZROCIETEK (265~295ml) 2B L 125
OERFEOBREERTH > Tdh-T, LBUNEKRDE €Y u+4 b &EHOMc, TRKPBE
BLTHIZDEEINTV S, —F, BILTRULLEBRUZFBERE (F) &, ez R HE
(T) LHEEY SHEL L LEsKFTOMSR (U) & TRAOEBEKFCEIh T IHESE
(R) &, HILEMEOFMETH 5T

F=T—(U+R) (5)
PoRDI, ks, FEMOBEBRADOEELTRBAKOMECEL TE et Yurd MCEEL T
IZHAO—EHBRENCE 5 T7 4 V2 —2FJBLTHB L ENEALLNZDT, COL5KRUTEN

INNILBERERERL WP L ABEICA TV 3TN 5. 31, BRLOBREERLE 6) Rick
3EEME (F) oz, HMOOEBROVT v — 4 -~ CHERFRELDNEOTE V)R FAD

110
=)
-EvIOOr'
g5 S
(=]
=
% ° g}
¢8|
}i,bso- o
&5t
Fg 70t //////)/*””—T___**
3 L
L ]
geo- s
v L
| = R I U SN WA A SN T U S S AN SR NS S S W S S S S S

0O 2 4 6 8 10 12 14 16 18 20
shaking time (minutes)

Fig. 4. Filtered residues (O) and amounts of crude oil on the filter (@) calculated from
equation (5).
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BE-0ME: BERR: ORMESIT X 3 WEOTE

BEE DBIEBERE TV, ¢ DERERR RO L 5 K EROREEOMIc, RKELED
37 % IGEOE TR BBL TORREFLBATV S, L L BMEEEOHESEKLEL D /2
WZ EBRERTALEE, COEBRERIEE: SBREOBE L 3 MFEORELBEOHEN 2RL T3
EEATRWVWIZA 5, AT, BHHKEL S LIHOBRELRER, RE Sitd o THAFICERL - &
BT2HBPOKI3L, Tre)ndd MITLHEOBMBSECER T EBAONS . EBHE
Bk hid, HERYEERUTEEL IsiRe 5 BRI Oh T—BEIE VT3, Th
I—EOEE SREREA S &, ERINIWHOKR2IPERYD D, oI LEZEMIBLEK
BRIZINTVELEERLTWEEEALGNR D,

Table 2. Results of filtered dry weight, and oil content in different amounts of montmorillonite

and crude oil.
Montmori- . Upper water sample Lower water sample
lonite Crude oil |Dry weight - -
(mg) (mng) (mg) volume oil cont. volume oil cont.
g (m?) (ppm) (ml) (ppm)
4.01 39,98 10.19 545 26. 64 255 1.43
7.88 39. 92 10, 88 445 16.71 355 1.28
16.00 39.96 15.43 500 14.16 300 1.19
24,02 40.05 26. 50 535 12. 50 265 0.83
40.05 39. 96 45.79 480 11.47 320 164
40.02 4.04 41.46 556 0.49 45 0.89
40,00 8.01 45.93 560 2. 50 240 0.57
39,95 15. 95 44.87 550 6.25 250 1.25
40,05 24. 06 42.81 550 9.36 250 0.97
40,01 39.98 42.99 540 12.52 260 0.88

Ykiz, Table 2 ix 800ml DEEMEK, FEEZEY—EBRLTE 2V nr4 FEPELIE
TRALRZES, $ticerednrd b2l y—EiRUTEBERPBLIRIBE0ERHER S
EDTRULIZADTH 3, RE SN 10 [, HEREZ BRETS3. FHRINZISIK K
HEP—EOBGIR T Y v+ 4 FESEMT 213, BERETIHSBOMNOIYiC EE
AKFOMNBERIRY TS, —F, ErEYvFA FEE—EOBEEIRIFEHENEMT 5icoh
TEBAKFOMBBEEBYUREML T3, THETRAKOEBHEKTCEIhIFME, N5V
D5 LOONTHHERETH 5, COEBRERZRAY, (B)RicX - THEL 1 RMEF) 25
HUBAEEER I OERRACRDTAHBE, ErEYodd FEVDPZVEARKIEA 23O
BLZESEL Y DIGBBRYEEROSIN I %, CHREREB~IZ L 5 il OERRS DR
Rigtk B bDT, TrEYuFd FEHESOOEIEEERMIBTEICEALAD Sh 3 Bk
B, T, EBELIEHRICOAEBL T 3, Fig.bixfgkicmatlzersdnr4 FeJRM
O piEElie, MahciItEBEOR & U CERL mREBR L O MA I FHEOk 2~ 2 + T
RUIZEDTdH 30 HOER 4HIEEIX Table2 OFHE—E, > €Y v r4 FEEWL ARz
eVrIF4 FEP—E BHEPELICTEOLNERERLOHEL I DTH 3, LRIk
Bazere)urd MITFEBBOEMBAEROREBIIC > TRERZL T2 53 (montmori-
llonite/crude oil) A3 1 X b 4 /RIVIBARICEHL TA 3. ZOHH0. 1 TRIFEWOIEEDES (F/T)
1249639 TH B, HH0.2 BHA 3 LABITHML 80% &5, 3 b IHHBHMAT 3RO
(F/T) 2o s M3 3EA%2RLT V3, MW 1EDKRELL3E (F/T) Oz S5 Y $3E
9, FOEIZ T7~88% Th B, L D/NF Y ¥t Table 2 BRI 2 EHLLLIOKR, M1 X
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HhRENBEOERBRIIE TV +4 FBE2H Omg RB3IA, BATIEBESH 4Omg »
5 dmg WEIVTHONIEETHH, #- TIHBLEHE (F) ORERED (F/T) Offick
A{ERLIZDEEALN S,

(%}

100 ¢+

90 +

oo

80 fo °
70

o
60

settling rate of crude oil (F/T)}

50F

40 1 1 1 1 1 1 1 1 1 1

montmoritlonite/crude oil

Fig. 5. Settling rates of crude oil for varying ratioes of crude oil and montmorillonite.

D& EBRER»LA5 L, Filid (montmorillonite/crude oil) $30. 1 TEEZ B &L L h3PhiE
U 0.2 TiABICIEREMSEARL T3, KIERERDNS » 28R T 270518, CORORME
Edic (F/T) BLEaicml T—EEGES D EEA bR 5,

% ®
B K P TCORTOLBEER, L4 /7 Vv IEBLIUTOBRERKD R b— 2 2D R M AR b 37

Do

Pp—pP
— . gD?
e ¢

> T o RN TFOLRBEE, pp o DR TRIHEOKE, DIIAMTOER, »i3REDEEMEGER,
g REIIEETH 3,

APROER CER INIALI T, WREPRNU AL Y o34 MEITICHBENESL,
LA EPEIRICNBUNEENTEEL b 3, 20T COBENTICED S EL T Ya g
b, #5, WKOEROEIE® a, b, c (atbtc=1), ZNo DEBER pay pp, pc &L LBBERTFOD
BT DEEER apat+bes+cope £330 F o TERERFOLEREIZRD L 51272 5,

(6)

gD?

o=-= {apat+bpy— (a+b)pc} (7
8y

_ gh? <b a ( pa—p; Py—Pc

= — +
180 Pb{ R ( p ) o } (8

0>0, =0, 0<0 HSILRE, PIEE, B LEORHLZL I35, ZRFhiLDONT

a_ = Pc—Ph ¢))
b Pa—Ps
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BE - B BE9E : OREERIC X 5 MEOtE

IO TRERTOXEGBREIN S, BENTIKNEINKOEEIR 9 A» 5 tHALIE
512, T2 LBLITIERRTH 2, #HoTErEVnF4 FOPEKTIRBI 28EIZC s T
EETILENLN, WL OWKROBREILHER T 5 I pEERN TR EDSE €V ur4 P EH
SFOWHEER P TRDOLU, BBRR 1-0)p=ap,+bpy % (7)) ARKRATE L ROADESN 3,
gD?

¥/
5, EEETIHEETIES G>ed), NATIHEKOEHEOBE c IEBEEOKY IXDAH
B3T3 03, 3TCeE YR FA N, K, WKOBEELTZhZFR pa=2.5 p;=0.85,
pe=1.02(g/ml) %5 A TH3E (9) ROFHI

@ =

(p—pc) (1—0¢) (10)

a
5 =0.11

tigherz)udd b EWMSORRELY 0.11 X Hh K XOESIEER T RILEL, BHOOER b
MereB@ETrCticiss, BRI TZ ECOBMEIZ0.34 ThH 3. CDHIX ERRANIEE
BT2BlT2E e Yrd4 PEMFOFHEETOURERK T 5T, ERICEL Tk
ENIABHLCLERI TRV, UhL—20BREEAZ L LKL, ERERCINE, R
DL 5 COEERLOBIEO.34 L h /31 0.1 TELICFM®D 639 Mk L T3, Ud BBk
»HBC kX, @ (montmorillonite/crude oil) DEEEMKIWVIES, BEEEPERL TH TBE
MOILBEEIA 100% L7275 T CHIZRAMESERERT OMEARIL Th - TEBRICEEL Tl
ATMBE TR 2V it b —Eikd 308, TLERBEENTOARBRICS 3, b, F—4%&E
Db & TERINIBTFOLTY, F—OD (a/b) L EiZ/c5$, Lk B, ZLo=RokT
DBERINTO B L RFERBD 3, T8 (a/b) KPR IVIEE, EBEE2HEE T ARTIRERS
hBTH5 9, ,

AT, MECHBELGHEL RS, ABBSFERCAHOE D & ADSMCHELIERET 2 FiEHE
BHBITH e B 2N—035 DWEMHEROBIITE, kit - CER I BEBECEEY
B & OREEREIC L » THALIERL 122 E8H|EIN T 31D, I HROBELH MERL, »
SIGEREDE L 72 h BOITHRIEC PHRERT L EOIEELREL B9, L LERERTA
Ehz X dig, B (a/b) W THBEOEENED T3 T Lid, X HEBEOBEDBEDSL LT
FEHMBEOMERI & - TRIEBRDOAL 2 TEEND 5105 5. HHBEEOFTHMA» S RETI Y
Wk, KNI RN, 22 rGEREKEOMERKFOMIOERE, 287 ORARE —EOREHE,
AR S, 7 OFERRKE, EERE, BHOBE: kb s b2R SBRRELx —TRIES
LERTBHIEITHLV, L LRI b OFEKIMELHRL 2, MlomEEsERTsCE
DI e —F, MEEEEEHCORE EOM & > s BHEEWER & 3 KB EECHERL TES
i, WMOBEIY 5 TIIHEAKRHER L 72 9, oil in water 44 7D <D 3% water in oil
A FDTTNY 5 RBRTEND, ChbOFWRBBROTTIER KRS o TS
MWL INZ LBALNS, O DHMIIEHE &9 OUMRORKTEEEDRL, BTN
SEU TR L FIRRI B IR DT EE) TR I IBE T Ok L B L9 2 hEL, 2
OBBEOH THEKTORBELT L RERRL THRT I EBBEAONBITD 32, TR OULBET S
MEIREEZEET 5 BICHBL TR S5 SWHMETH S 5, L UEEOHMRAREOREL 2
EBEALLET, AFCIIWMH CAHPZORICE ZWELT & RARICEBR TR 2V Bbh 3,

= #
KRNIV TRMEE TV u A P EMAERRAZROTIT S o2 WAEPIESL > 38
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REBRBEL, WK LBAKETRAKCHT 3, MEErEY 04 FOLBRIVLIBERED 7
vy 2 2B UTEAKZ HAWP 7 40 &~ (#7944 X: 0.45) THWBLI. ThbHAOmN
n-NF 5 PRI U, BIGE IR EREER 2 AR 255nm THIEL Tz, B Er Yo
A OBER—FLUIREIBBZEALTAHS L, BEBREER: 7 V2~ FONMSRITH IEE
IR T—EEIGE T o CHIREL SBEFRL EE0wKkhERIN I BHOK : IDOBR
CREAT2 0 LBbN 3. ZOFRIZ, - THEKPT COMBOREIFBHBEOLRICEE 2R
BY 2RIELTOBTERFRBRL TS, FlEtrEYurd bOBERFLATERPTL-TA
&, TA4Aans—LREBLIMARE (BreVarq b /ER BON RBEENTARCHE
LT3, ZUTID%EAS &, KT IFMOMNERMIIBETH, ERBRIIIVYXED
3 b ODO—FHICIEIL L 5T 3,

i, EERE, W, Kb LBRINZEESTIRROSLE & & THRET 5,

a o P
b Pa—Pc

ST, a bRESNTICED 5ERRT & MOAMI, 21206 oo oo 3B XERETF, W, KD
BETH . BERTILEY 3 KOBSIZILROKE L2203, BENTIIERT 35 5DERED
HITDAFETH, LROFMAIMA B 251, (@/b)=, (a/b)< ZGBLBLOSRME &4
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